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Introduction

Kidney transplantation is recognized as the treatment of choice for end-stage kidney disease (ESKD) in both adults and children. It is therefore critical to take into consideration all the potential determinants of graft failure for both populations in order to optimize transplantation outcome.

Social determinants have been shown to be associated with incidence of ESKD, access to transplantation, and kidney graft survival in adults [START_REF] Stephens | The influence of socioeconomic deprivation on outcomes following renal transplantation in the United kingdom[END_REF][START_REF] Akrawi | End stage renal disease risk and neighbourhood deprivation: a nationwide cohort study in Sweden[END_REF][START_REF] Goldfarb-Rumyantzev | Role of socioeconomic status in kidney transplant outcome[END_REF][START_REF] Schold | Residential Area Life Expectancy: Association With Outcomes and Processes of Care for Patients With ESRD in the United States[END_REF][START_REF] Fored | Socio-economic status and chronic renal failure: a population-based case-control study in Sweden[END_REF][START_REF] Kihal-Talantikite | Spatial distribution of end-stage renal disease (ESRD) and social inequalities in mixed urban and rural areas: a study in the Bretagne administrative region of France[END_REF][START_REF] Kihal-Talantikite | Influence of Socio-Economic Inequalities on Access to Renal Transplantation and Survival of Patients with End-Stage Renal Disease[END_REF] , but very few studies investigated the relationship between deprivation and kidney transplant outcome in the pediatric population. Yet, children and adolescents have established specificities with regard to chronic kidney disease and kidney transplantation, as well as to social deprivation. [START_REF] Bertram | Kidney disease in children: latest advances and remaining challenges[END_REF][START_REF] Brophy | Early-life course socioeconomic factors and chronic kidney disease[END_REF][START_REF] Freeman | An overview of disparities and interventions in pediatric kidney transplantation worldwide[END_REF] Optimal ESKD care including successful kidney transplantation is critical to guarantee these children to have a normal physical, psychological and social development to integrate into adult life under the best possible conditions. The support and involvement of families are essential for these children and adolescents with a kidney transplant who must follow a specific diet, hydrate regularly and above all, have a rigorous adherence to immunosuppressive therapy. The process of managing diet and medication depends on the understanding of instruction; this ability to understand health-related information is called health literacy. Limited health literacy has been associated with low socioeconomic status. [START_REF] Taylor | Health literacy and patient outcomes in chronic kidney disease: a systematic review[END_REF] Thus, taking into account the socioeconomic factors of the family in the pediatric kidney transplantation setting seems even more important. In the United States (US), ethnicity was found to be associated with access to transplantation and kidney transplant outcome in children. [START_REF] Patzer | Racial disparities in pediatric access to kidney transplantation: does socioeconomic status play a role?[END_REF][START_REF] Patzer | Racial and ethnic disparities in pediatric renal allograft survival in the United States[END_REF] This relationship was partly driven by socioeconomic status, assessed by the neighborhood poverty level. In Nicaragua, a lowincome country, researchers found that family income was a major determinant of mortality in pediatric dialysis patients. [START_REF] Montini | Non-Medical Risk Factors as Avoidable Determinants of Excess Mortality in Children with Chronic Kidney Disease. A Prospective Cohort Study in Nicaragua, a Model Low Income Country[END_REF] However, to our knowledge, no study has been carried out in Europe on the potential impact of social deprivation on kidney graft survival in children. It is questionable whether impact of socioeconomic determinant would be the same in Europe, especially in France where healthcare and social systems greatly differ from those of US or low-income countries.

The objective of this study was to assess the association between social deprivation and graft failure in pediatric kidney transplant recipients in France.

Results

Comparison between included and excluded patients

Among the 1248 children and adolescents who were listed before the age of 18 years and who received a first kidney transplant between January 1 st , 2002 and December 31 st , 2014, 198 had been excluded because of their reported residential address. Among them, 101 were living abroad or in overseas departments, 7 had an address located at the hospital and 90 lived in metropolitan France but their address was not precise enough to identify the corresponding entity (Figure 1).

Characteristics of included and excluded patients were different except for HLA matching and cold ischemia time, which were similar between groups (Table S1 in supplementary materials). Among the relevant differences, patients who were excluded because living abroad or in overseas departments tended to have a longer duration of dialysis (25.1 months vs. 12.3 months), more living donors (31.7% vs. 12.9%) but less pre-emptive kidney transplantation (8.9% vs. 15.6%) (Table S1 in supplementary materials). Moreover, graft survival tended to be shorter for excluded patients, especially for those without sufficiently precise information on their address (Figure S1, supplementary materials).

Characteristics at transplantation of included patients

Among the 1050 included patients, about 60% were males, the median age at transplantation was 13.3 years old (Table 1). One third (35%) had CAKUT as primary disease. Only 23% benefited from a preemptive transplantation. For non-preemptive transplant recipients, the median duration on dialysis was 12.3 months. The median waiting time between registration on the waiting list and transplantation was 4.7 months. Between 14 and 19% of patients were distributed in each quintile 1 to 4 of EDI whereas the most deprived quintile 5 comprised almost 37% of the patients (Table 1).

Patients from quintile 5 tended to live less in rural area (about 3% vs. 20 to 36% in other quintiles), to have a longer duration of dialysis (median of about 20 months vs. 15 to 17 months for quintiles 1 -3), to start renal replacement therapy more often with hemodialysis than with peritoneal dialysis (more than 60% vs. 45 to 55% in other quintiles) and to receive less often a living donor kidney (about 8% vs. about 20% in quintiles 1 and 2). Ages at transplantation, primary kidney disease, having any comorbidity, height z-score, waiting time, HLA matching and cold ischemia time were similar between quintiles (Table 1).

Kidney graft survival probability in each quintile of EDI

Among the 1050 patients, 211 lost their graft within a median follow-up period of 5.9 years (interquartile range 2.9-9.1 years). Among the 211 patients with a graft failure, 180 (85.3%) had (re)dialysis (85.3%) first, 10 (4.7%) had retransplantation first and 21 (10%) died with a functioning graft. Five and 10-year graft survival were 85% and 69% respectively in the most deprived group (quintile 5) vs. 90% and 83% respectively in the least deprived group (quintile 1) (Figure 2).

Association between EDI and graft failure

The hazard of graft failure significantly increased with the quantitative score of EDI after adjustment for age at replacement therapy, duration of dialysis, primary kidney disease and urban/rural living environment (p = 0.01) (Figure 3). At any time after transplantation, patients from the most deprived area (quintile 5) had a two-fold higher hazard of graft failure compared to those from the least deprived area (quintile 1) (HR 1.99, 95% CI 1.20; 3.28) (Table 2). When patients in the quintile 5 were compared to all other patients (quintile 1-4), the association remained statistically significant (HR 1.54, 95% CI 1.12; 2.13). The association between EDI (quintile 5 vs. quintiles 1-4) and the hazard of graft failure did not differ statistically significantly between girls and boys (Table 2). In the mediation analysis, the effect of deprivation on the hazard of graft failure was not driven by HLA matching and cold ischemia time or donor type (Table 2). After further adjustment for comorbidities, the hazard ratios for the quintiles of EDI remained of the same magnitude (Table S2), although slightly more significant (p = 0.01 versus p = 0.08 in Table 1). When excluding death from the definition of graft failure, the most deprived patients (quintile 5) had at any time after transplantation, a 57% increase in hazard of graft failure compared to less deprived patients (quintiles 1-4) (HR 1.57, 95% CI 1.13; 2.20).

Discussion

Our results suggest that deprivation is more frequent in pediatric ESKD patients than in the general population. Indeed, 37% of the patients were in the quintile 5 corresponding to the 20% most deprived areas in France which themselves include about 29% of the French general population. These patients living in the most deprived area had a substantially lower 10-year graft survival (69%) than those living in the wealthiest area, quintile 1 (83%). After adjusting for age at renal replacement therapy, duration of dialysis, context of living environment, and primary kidney disease, patients from quintile 5 had still a significant higher hazard of graft failure which was not likely mediated by HLA matching, donor type or cold ischemia type.

These results are consistent with previous pediatric studies, done in others countries, mostly in the US. Muneeruddin et al. have found in a single center US cohort that socioeconomic status of the family, assessed by income and education levels, had a significant influence on kidney graft survival in children. [START_REF] Muneeruddin | Two decades of pediatric kidney transplantation in a multi-ethnic cohort[END_REF] Similarly, Patzer et al. have studied the impact of deprivation and ethnicity in pediatric kidney transplantation using large cohorts from the US Renal Data System (USRDS). Overall, in these studies, a higher level of deprivation was associated with a lower access to the transplant waiting list and a shorter kidney graft survival. [START_REF] Patzer | Racial disparities in pediatric access to kidney transplantation: does socioeconomic status play a role?[END_REF][START_REF] Patzer | Racial and ethnic disparities in pediatric renal allograft survival in the United States[END_REF] Conversely, Miller et al. recently studied the correlation between US county-level socioeconomic status and 1-year pediatric kidney transplant outcomes and showed no conclusive evidence of a relationship. [START_REF] Miller | County socioeconomic characteristics and pediatric renal transplantation outcomes[END_REF] A previous study conducted in Australia, found that remoteness had an impact on receiving pre-emptive transplant but no association between socioeconomic status and transplant outcome has been showed. [START_REF] Francis | The impact of socioeconomic status and geographic remoteness on access to pre-emptive kidney transplantation and transplant outcomes among children[END_REF] Moreover, another pediatric study in Nicaragua found a significant association between deprivation and mortality rate among patients on dialysis. [START_REF] Montini | Non-Medical Risk Factors as Avoidable Determinants of Excess Mortality in Children with Chronic Kidney Disease. A Prospective Cohort Study in Nicaragua, a Model Low Income Country[END_REF] Most of the data are thus consistent across countries, despite different healthcare systems. For example, the French healthcare system fully covers all immunosuppressive drugs [START_REF] Steffen | Responsiveness, Sustainability--Regulating the French Health Care System[END_REF] , as opposed to the US where Medicare covers for 36 months only for most patients. [START_REF] Tanriover | Future of Medicare immunosuppressive drug coverage for kidney transplant recipients in the United States[END_REF] More than one third of our patients came from the most deprived areas. Our study thus may suggest that pediatric patients with chronic kidney disease come from the most deprived family. It would be important to confirm this result with further studies investigating whether this is a general pattern for all pediatric patients in France or even for the general population of children since quintile were defined for all ages. Pediatric patients may thus have more health problems prior to ESKD due to lower access to healthcare services, and delayed referral to highly specialized care. We can therefore hypothesize that deprivation has an impact in the earlier stages of chronic kidney disease. According to our results, we can split the population into three groups: patients from quintile 1, the wealthiest who are also the healthiest; patients from quintile 2, 3 and 4, who have an intermediate risk of graft failure; and patients from the quintile 5 who have a significantly higher risk of graft failure than quintile 1 and higher than all quintiles together. This difference in kidney graft survival between the least and the most deprived group may be explained by several reasons. First, this population may have a lower access to healthcare system in general, even for transplantation follow-up, due to the lack of care center in their area inducing higher travel cost because of the distance from home. [START_REF] Garcia-Garcia | Chronic kidney disease (CKD) in disadvantaged populations[END_REF][START_REF] Crews | Poverty, race, and CKD in a racially and socioeconomically diverse urban population[END_REF] However, this is unlikely in our study since patients from quintile 5 all live in urban areas contrary to the other EDI quintiles. Secondly, a lower knowledge and understanding of the disease and of its treatment could induce an underestimation of the importance of regular follow-up, clinic appointments, and communication with the healthcare team. Limited health literacy may lead to a decreased trust in care providers and low adherence to treatment, which is an important predictor of poor long-term outcome. [START_REF] Taylor | Health literacy and patient outcomes in chronic kidney disease: a systematic review[END_REF][START_REF] Dobbels | Adherence to the immunosuppressive regimen in pediatric kidney transplant recipients: a systematic review[END_REF][START_REF] Nankivell | Chronic allograft nephropathy: current concepts and future directions[END_REF] It is also known that socio-economic conditions, family support and functioning are major contributors to non-adherence. [START_REF] Nevins | Understanding Medication Nonadherence after Kidney Transplant[END_REF][START_REF] Steinberg | Adherence in pediatric kidney transplant recipients: solutions for the system[END_REF][START_REF] Killian | Psychosocial predictors of medication non-adherence in pediatric organ transplantation: A systematic review[END_REF] Our study has some strengths and limitations. The REIN renal registry is a comprehensive and validated nationwide registry which includes all pediatric and adult kidney transplant recipients in France. This substantial data source allowed us an adequate statistical power. However, this registry does not collect any individual information on socioeconomic status and ethnicity, both usually associated. Hence, we used an ecological index, the EDI, as a proxy of the individual level of deprivation. The EDI has been validated and successfully compare to other ecological index deprivation [START_REF] Bryere | Socioeconomic environment and cancer incidence: a French population-based study in Normandy[END_REF][START_REF] Bryere | Assessment of the ecological bias of seven aggregate social deprivation indices[END_REF] . It has also already been used in adult nephrology [START_REF] Chatelet | Renal transplantation outcome and social deprivation in the French healthcare system: a cohort study using the European Deprivation Index[END_REF] , as well as in cancer [START_REF] Menvielle | Tobacco-attributable burden of cancer according to socioeconomic position in France[END_REF][START_REF] Moriceau | Social inequalities and cancer: can the European deprivation index predict patients' difficulties in health care access? a pilot study[END_REF] .

However, even if the EDI has been validated and is restricted to a small geographic area (IRIS) a possible ecological bias remains. Indeed, it is possible that individuals have been classified in a certain quintile because they live in the corresponding area while their individual level of deprivation is lower or higher. This potential bias can lead to either an underestimation or an overestimation of the estimated hazard ratios. We also did the strong assumption that the patients never moved from the first address provided at the inscription on the waiting list or more generally tended to stay in the same level of deprivation area. Nevertheless, the EDI presents several advantages. First, it is transposable in time and in many European countries which allows easy comparisons between European data. Secondly, it is a multidimensional indicator which takes into account the material dimension usually associated with objective poverty and the social dimension corresponding to subjective poverty.

For example, while we did not have any individual information on ethnicity in the registry, the EDI accounted for the percentage of people with foreign nationality in the neighborhood. In the 2007 French census, this percentage was higher in Quintile 5 than in the others (11% vs 2-5%) and most of people with foreign nationality belong to the Quintile 5 (55% vs 7-18% in Quintiles 1-4). This multidimensional aspect prevent from an overrepresentation of health domain. [START_REF] Pornet | Construction of an adaptable European transnational ecological deprivation index: the French version[END_REF] To appropriately capture the effect of deprivation, it was important to adjust for potential confounders in all statistical analyses. In a sensitivity analysis using multiple imputation for missing data, we further adjusted for comorbidities at transplantation and this strengthened the relationship between deprivation and graft failure. We also performed a mediation analysis to take into account the potential mediators in the causal pathway between deprivation and kidney graft failure. For this purpose, we assumed that children and adolescents living in deprived areas had poorer clinical conditions than those from wealthier areas. Thus, physicians might be less demanding on the kidney graft quality in order to provide prompt access to transplantation and limit dialysis exposure. We thus assumed that deprivation might influence indicators of graft quality like HLA matching, cold ischemia time and donor type. Donor type is also a factor which may partly reflect access to care and late referral. However, we did not find that the effect of deprivation on transplant outcome was transmitted through these indicators of graft quality and of access to care. Other mediators such as adherence to treatment may explain the observed association between deprivation and graft failure. However, we could not assess the role of poor adherence to treatment in the relationship between deprivation and graft failure because we were limited by the available data in the REIN registry and adherence or immunosuppressive drugs trough levels were not collected. We also did not have any information on parental health, which yet could act as a potential confounder if parents with poor health are more likely to be deprived and less likely to ensure good adherence to treatments of their child. Another limitation concerns the exclusion of 198 patients because of missing data in EDI. Because these patients had a higher risk of graft failure, we may have underestimated the effect of deprivation if they came from the most deprived area or overestimated it if they came from the least deprived area.

In conclusion, this study is, to our knowledge, the first to investigate the relationship between socioeconomic status and kidney transplant outcome in a European pediatric population. Our results highlight that, despite the French health care system (chronic illness reimbursement, universal medical coverage, welfare payments), children living in the most deprived areas have a higher risk of kidney graft failure. These findings suggest that specific interventions targeted at low socioeconomic status patients are needed to reduce these disparities. These interventions need to take into account the different domains of social determinants to identify the specific needs of the patient. [START_REF] Sereni | Social and economic determinants of pediatric health inequalities: the model of chronic kidney disease[END_REF] 

Methods

Study Design, Setting and Population

Data were collected from the French Renal Epidemiology and Information Network (REIN), an exhaustive national renal replacement registry. [START_REF] Couchoud | The renal epidemiology and information network (REIN): a new registry for end-stage renal disease in France[END_REF] The present cohort study included all kidney transplant patients who were registered on the French transplant waiting list before the age of 18 years and who received a first kidney transplant between January 1 st , 2002 and December 31 st , 2014.

Event of interest

The primary event of interest was kidney graft failure defined as the first event occurring among:

(return to) dialysis, retransplantation, or death. Note that (return to) dialysis for a short period of time (<45 days) was not considered as a graft failure. The time axis was the time elapsed from transplant to graft failure or to administrative censoring on December 31 st , 2015.

Social deprivation assessment

Because of a lack of individual socioeconomic status in the REIN registry, we used the French version of a validated ecological index of deprivation, the European Deprivation Index (EDI) [START_REF] Pornet | Construction of an adaptable European transnational ecological deprivation index: the French version[END_REF] as a proxy of the individual level of social deprivation. The EDI has been derived from both 2007 French population census data and a 2006 European survey specifically designed to study deprivation (European Union -Statistics on Income and Living) [START_REF] Arora | Data Resource Profile: The European Union Statistics on Income and Living Conditions (EU-SILC)[END_REF] , which took into account individuals' cultural and social environments. We included patients during the period 2002 -2014, thus EDI was calculated approximatively at the mid-period of inclusion.

More specifically, the EDI is a continuous score, which is the result of a linear combination of 10 variables on the percentage, in the neighborhood, of : 1) overcrowded housing, 2) housing with no access to a system of central or electric heating, 3) household non-owners, 4) unemployed people, 5) persons with foreign nationality, 6) household without access to a car, 7) unskilled or farm workers, 8) households with six or more persons, 9) persons with less than the first stage of secondary education level and 10) single-parent households [START_REF] Pornet | Construction of an adaptable European transnational ecological deprivation index: the French version[END_REF] .

The neighborhood was defined by the municipality or when the municipality was too large, by the smallest French geographical unit, called IRIS. France is composed of about 50 200 entities with 16100 IRIS. Each IRIS has homogenous habitat type and is delineated by main cuttings of urban landscape, made by a population ranging from 1800 to 5000 inhabitants.

In this study, the observed value for the 10 variables of EDI was based for each entity on the French 2007 census data. For each patient, we assigned the entity corresponding to the residential address of the children which was collected at the time of registration on the waiting list. Patients living abroad or in French overseas departments, patients without sufficiently precise address to identify the corresponding entity, or with their reported address at the hospital were excluded from the analysis. We used the continuous version of the EDI and its quintiles to categorize each patient into each five groups of deprivation, from the least deprived (quintile 1) to the most deprived (quintile 5). The quintiles were not derived those from our own sample, but from all the IRIS of the whole 2007 French census population.

Potential confounders

Potential confounders were identified from the literature and their hypothetical relations with deprivation and graft failure were graphically summarized in a causal diagram (Figure S2 in supplementary materials). More specifically, potential confounders were age at initiation of renal replacement therapy (in years), duration of dialysis (in months), context of the living environment (urban vs. rural), and primary kidney disease (congenital anomalies of the kidney and urinary tract (CAKUT), hereditary nephropathy, glomerular and vascular disease, and other/unknown).

Statistical analysis

We first compared the characteristics and the probabilities to survive with a functioning graft of included and excluded patients and then between the groups of included patients defined by the quintiles of EDI. Kidney graft survival probabilities were estimated using Kaplan Meier estimator and compared with the log rank test.

The adjusted association between deprivation and graft failure was first estimated using either the continuous score of EDI or its quintiles in a Cox model adjusted for all potential confounders. To account for potential nonlinear effects of quantitative variables (continuous EDI, age at replacement therapy, dialysis duration), we used penalized splines with four degrees of freedom (pspline function in the Coxph function of R). [START_REF] Leffondre | Representation of exposures in regression analysis and interpretation of regression coefficients: basic concepts and pitfalls[END_REF][START_REF] Eilers | Flexible smoothing with B-splines and penalties[END_REF] We then used a binary indicator of EDI representing the most deprived children (quintile 5) vs. all the others (quintiles 1-4), and evaluate whether its adjusted association with graft failure differed in boys and girls using an interaction term between EDI and sex.

We accounted for the correlation between children living in the same entity using a sandwich estimator for the variances. [START_REF] Paul | Interval estimation of risk difference for data sampled from clusters[END_REF] The proportional hazard assumption was checked using Schoenfeld residuals.

To further assess to which extend the effect of deprivation could partly be explained by the quality of graft, we performed mediation analyses. [START_REF] Vanderweele | Mediation Analysis with Multiple Mediators[END_REF][START_REF] Valeri | Mediation analysis allowing for exposure-mediator interactions and causal interpretation: theoretical assumptions and implementation with SAS and SPSS macros[END_REF][START_REF] Huang | Causal Mediation Analysis of Survival Outcome with Multiple Mediators[END_REF] More specifically, we assumed that deprived children were more likely to have poor health, and that their physicians may for this reason be less willing to wait for the optimal graft, which in turn may impact graft failure (Figure S2 in supplementary materials). The mediators were the number of HLA-A-B-DR mismatches (0-2, 3-6) and either donor type (living vs. dead) or cold ischemia time (< vs. ≥ 955 minutes). Donor type and cold ischemia time were not included in the same mediation analysis because inherently strongly correlated. Both mediation analyses were performed using a counterfactual approach for survival outcome with multiple mediators. [START_REF] Huang | Causal Mediation Analysis of Survival Outcome with Multiple Mediators[END_REF] More specifically, we used separate logistic regression models for each mediator and Cox models for graft failure, and we derived the direct and indirect effects of deprivation as described in Huang and Yang. [START_REF] Huang | Causal Mediation Analysis of Survival Outcome with Multiple Mediators[END_REF] 

Sensitivity analyses

In a first sensitivity analysis, we further adjusted for having any comorbidity (yes/no) among visual disability or blindness, hearing disability, motor disability, psychomotor disability, behavior disorder. These comorbidities usually correspond to congenital disorders, therefore present before transplantation. Because data on these comorbidities were missing for almost half of the patients, we used multiple imputation (R package MICE). In a second sensitivity analysis, we used a causespecific Cox model censoring at death to evaluate the adjusted association between EDI and graft failure excluding death. 42 
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Table 1 .

 1 Population characteristics at transplantation according to deprivation quintiles (Quintile 5 most deprived) of 1050 young kidney transplant patients in France (data REIN, 2002-2014).

		All subjects	Quintile 1	Quintile 2	Quintile 3	Quintile 4	Quintile 5
		n = 1050	n = 152 (14.5%)	n = 166 (15.8%)	n = 152 (14.5%)	n = 196 (18.6%)	n = 384 (36.6%)
	Characteristics	n (%)	Median [IQ]	n (%)	Median [IQ]	n (%)	Median [IQ]	n (%)	Median [IQ]	n (%)	Median [IQ]	n (%)	Median [IQ]
	Recipients												
	Male	624 (59.4)		96 (63.2)		102 (61.4)		87 (57.2)		120 (61.2)		219 (57.0)	
	Age at transplantation	1050	13.3	152	13.0	166	13.2	152	12.8	196	13.9	384	13.4
	(years)		[7.7 ; 16.4]		[6.2 ; 16.3]		[7.7 ; 16.4]		[7.4 ; 16.0]		[9.1 ; 17.1]		[8.1 ; 16.2]
	Context of living (rural) (missing = 72)	203 (20.8)		42 (28.2)		58 (36.2)		53 (36.8)		40 (22.2)		10 (2.9)	
	Primary disease												
	CAKUT	368 (35.1)		60 (39.5)		56 (33.7)		53 (34.9)		80 (40.8)		119 (31.0)	
	Hereditary nephropathy	206 (19.6)		32 (21.1)		32 (19.3)		29 (19.1)		34 (17.3)		79 (20.6)	
	Glomerular/vascular disease	272 (25.9)		35 (23.0)		44 (26.5)		31 (20.4)		47 (24.0)		115 (29.9)	
	Other/Unknown	204 (19.4)		25 (16.4)		34 (20.5)		39 (25.7)		35 (17.9)		71 (18.	

Acknowledgments

BD was supported by an MSc fellowship from the CIC-EC 1401 and a doctoral award from the French Public Health Doctoral Network.

Supplementary Material